Studies of individual enzymes and metabolic pathways in the erythrocyte are hampered by the fact that in lysates, or even in partially purified systems, hemoglobin is present in overwhelming amounts compared to the various enzymic proteins. Although carbonic anhydrase (2), peptidase (3, 4), methemoglobin reductase (5), erythrocuprein (6), nucleoside phosphorylase (7-9), adenosine triphosphatase (10), and glutathione reductase (11) have been isolated from hemolysates, some special characteristic of the protein in each instance has made it possible to remove hemoglobin in a single operation.
These latter findings will be reported in a separate communication.
EXPERIMENTAL
Materials. DEAE cellulose (capacity of 0.6 to 0.8 mEq per g) and semicarbazide were obtained from Eastman Organic Chemicals; Carbowax (polyethylene glycol compound 20-M) from Union Carbide Chemicals Company; Sephadex G-25 from Pharmacia Laboratories, Inc.; DPN,1 TPN, DPNH, TPNH, sodium pyruvate, and glucose-6-phosphate, from Sigma Chemical Company; AMP, ADP, and ATP from Pabst Laboratories; lactic dehydrogenase and pyruvic kinase from C. F. Boehringer and Sons; inosine, oxidized glutathione, and dehydrated firefly tails from Schwarz BioResearch, Inc.; catalase and xanthine oxidase from Worthington Biochemical Corporation; crystalline bovine serum albumin from Armour and Company; sodium formate from Allied Chemical Co.; and glycylglycine from California Corporation for Biochemical Research.
Methods. Protein was determined by the biuret method with crystalline bovine serum albumin as the standard. Hemoglobin was measured by the procedure of Evelyn and Malloy (17) and by its absorbancy at 410 mu. With the latter method, the concentration of hemoglobin was calculated, using a millimolar extinction coefficient of 120 (18) . Spectrophotometric assays at a single wave length were carried out in a Beckman spectrophotometer, model DU. Absorption spectra over a large wave length region were obtained with the Beckman recording spectrophotometer, model DK-1. Inorganic and organic phosphate fractions were measured by a method described previously (19) . ATP was assayed by the bioluminescent reaction of firefly extracts containing luciferin and luciferase (20, 21) , with the use of the G. K. Turner fluorometer. ADP was measured with the coupled reaction, pyruvic kinase-lactic dehydrogenase (22) . Nucleotide profiles (23) were obtained by the ion-exchange chromatography method of Hurlbert, Schmitz, Brumm and Potter (24) .
1The following abbreviations have been used: AMP, ADP, and ATP, adenosine mono-, di-, and triphosphate, respectively; DPN, and TPN, di-and triphosphopyridine nucleotide; DPNH, TPNH, reduced DPN and TPN; GTP, guanosine triphosphate; CMP, cytidine monophosphate; and UDP, uridine diphosphate. 1257
Assays for the following enzymes were performed essentially according to published methods: nucleoside phosphorylase (7), catalase (25) , glucose-6-phosphate dehydrogenase (26) , TPNH-methemoglobin reductase (5), formate-activating enzyme (27) , glutathione reductase (28) , and adenylic deaminase (29) . The methods used for the assay of the various glycolytic enzymes were the same as those described in the preceding paper (30) Preparation of the enzyme protein fraction. A convenient amount of hemolysate (20 ml) , derived from 10 ml of erythrocytes as described above, was divided equally among four 50-ml Lusteroid tubes. The following procedure represents the treatment of one of the 5-ml samples, carried out at 40 C without transfer of the material from the tube. To 5 ml of hemolysate was added 5 ml of DEAE cellulose suspension, and the mixture was allowed to stand at 40 C for 20 minutes, with manual stirring approximately every 4 minutes. The unadsorbed material in the supernatant fraction, principally hemoglobin, was separated by centrifugation for 15 minutes at 1,900 G, and residual hemoglobin was removed by washing the adsorbent 5 times with a total of about 175 ml of 0.003 M phosphate buffer, pH 7.0. The final wash was colorless. The phosphate buffer was more effective than 0.003 M Tris buffer, pH 7.0, or water in removing the residual hemoglobin.
The enzyme protein fraction was desorbed from DEAE cellulose in the following manner. Ten ml of 0.5 M KCl 2 was added to the adsorbent, and the mixture was stirred magnetically for 1 hour in an ice bath. The supernatant fluid (extract I) was collected by centrifugation at 1,900 G for 15 minutes. Serum albumin in a final concentration of 10 mg per ml was added immediately to the extract in order to stabilize the dilute enzymes. To the adsorbent was added an additional 5 ml of 0.5 M KCl, and the mixture was stirred magnetically for 15 minutes. The supernatant fluid (extract II) was collected by centrifugation, as above, and supplemented with serum albumin. The latter step was repeated once more (extract III), and the three extracts were combined to yield the enzyme protein fraction. Continuation of this procedure shows that 97 per cent of the total extractable protein is removed by the first three extractions. No additional protein was obtained when the KCl-treated adsorbent was extracted further with 0.5 M phosphate buffer, pH 9.5.
Although, for most purposes, salts may be removed from the enzyme protein fraction by dialysis, certain labile enzymes 3 are inactivated by this treatment. An alternate, but more laborious, procedure involves desalting the fraction by the method of molecular sieving with Sephadex (32). For example, 30 ml of enzyme protein fraction (in 0.5 M KCl) containing 50 mg of protein was passed through a 1.5 X 55 cm column of Sephadex with 0.05 M NaCl. The resulting protein solution was more dilute (0.7 mg per ml) than the starting material, but a tenfold concentration of the dilute solution could be achieved in about 2 a KCl concentration as low as 0.01 M, and thus can be separated from many other proteins in the fraction which require a higher salt concentration for desorption. Glycolytic enzymes in enzyme protein fraction. Data on the levels of the glycolytic enzymes in the enzyme protein fraction are presented in Table I . Each enzyme has been assayed at pH 8.1, the overall pH optimum for glycolysis in the intact cell and in hemolysates (30) , in order that the individual steps may be compared with the over-all sequence. All of the glycolytic enzymes are present in the fraction, although the levels of phosphoglucose isomerase, aldolase, and phosphoglyceric kinase are considerably depressed relative to the original activities in the hemolysate [cf Table III , preceding paper (30)]. Thus, in order to achieve the glycolytic rate of the original hemolysate, the enzyme protein fraction must be partially supplemented with enzymes from other sources, as well as with the necessary cofactors (unpublished results, this laboratory). Miscellaneous enzymes in the enzyme protein fraction. The enzyme protein fraction contains a number of miscellaneous enzymes, as listed in Table II . There is essentially a complete recovery of each enzyme.
The level of glucose-6-phosphate dehydrogenase reported in Table II is comparable to the values of Bock (34), Heller (35) , Marks (36) , and Kirkman (37) , and their co-workers. Nucleoside phosphorylase activity is the same as that reported previously by this laboratory for the hemolysate (7, 38), and somewhat higher than the values of Sandberg, Lee, Cartwright and Wintrobe (9) and of Tsuboi and Hudson (8) . The activity of glutathione reductase in the enzyme protein fraiction is the same as that found in the hemolysate, and agrees with the value of 29.5 umoles per hour per ml of erythrocytes given by L6hr and Waller (39) . The value for adenylic deaminase activity in Table II 
